The Dark Energy Survey (DES) is currently undertaking an observational program imaging 1/4 of the southern hemisphere sky with unprecedented photometric accuracy. In the process of observing millions of faint stars and galaxies to constrain the parameters of the dark energy equation of state, the DES will obtain pre-discovery images of the regions surrounding an estimated 100 gamma-ray bursts (GRBs) over five years. Once GRBs are detected by, e.g., the Swift satellite, the DES data will be extremely useful for follow-up observations by the transient astronomy community. We describe a recently-commissioned suite of software that listens continuously for automated notices of GRB activity, collates useful information from archival DES data, and promulgates relevant data products back to the community in near-real-time. Of particular importance are the opportunities that DES data provide for relative photometry of GRBs or their afterglows, as well as for identifying key characteristics (e.g., photometric redshifts) of potential GRB host galaxies. We provide the functional details of the DESAlert software as it presently operates, as well as the data products that it produces, and we show sample results from the application of DESAlert to several previously-detected GRBs.
INTRODUCTION
The Dark Energy Survey (DES) is an observational program covering 5000 square degrees of the southern sky, utilising the DECam instrument (Flaugher et al. 2015) on the Blanco 4m telescope at Cerro Tololo Interamerican Observatory, from August 2013 to February 2018 (Abbott et al. 2005) . Over the 525 nights of the survey, the DES will observe in five filters broadly similar to the SDSS griz filter set (Gunn et al. 1998 ), but with some important differences -particularly, higher QE at near-infrared wavelengths and the additional Y filter (see Figure 1 ). DES will reach a photometric accuracy of 1-2% for its two interleaved surveys -the wide-field survey covering the full footprint and the supernova survey covering smaller regions with increased cadence (Diehl et al. 2014 ) -and it will have significant overlap with other wide-area surveys, such as the Sloan Digital Sky Survey's Stripe 82 (Abazajian et al. 2009 ), the Vista Hemisphere Survey (McMahon et al. 2013) , and the South Pole Telescope Survey (Ruhl et al. 2004 ). The four Key Science programs of the DES comprise observations of SNe Ia, large-scale galaxy clustering, galaxy clusters, and weak gravitational lensing; together these four probes will be used to measure the Dark Energy Equation of State with unprecedented precision. The DES data have many uses beyond these primary science goals, however. In this work, we describe a service to provide data products to the transient observational community, particularly related to gamma-ray bursts located within the DES footprint.
Once a region of the sky has been observed by the DES, those observations will be useful whenever a transient (e.g. a gamma-ray burst) is detected in the same region. The DESAlert system is modeled upon the SkyAlert system (Williams et al. 2009 ), and it bears similarities to the SDSS transient notification system (Cool et al. 2006) , though it focuses exclusively on data produced by the DES, and (at least initially) it relies on a single source for triggers. When a VOEvent notice (Seaman et al. 2011 ) is disseminated by the instruments aboard the Swift satellite (Barthelmy et al. 1999) , the DESAlert system parses the notices for temporal and positional information, and then searches the DES archives to find all observations of that region. DESAlert then provides finder images of the region derived from DES data, as well as a subset of data derived from DES observations of all nearby stars and galaxies. The finder images show other objects near the GRB, while the catalog of stars provides nearby standards for the purpose of immediate relative photometry. Meanwhile, the galaxy catalog provides critical information on potential host galaxies -especially magnitude and photometric redshift -for * Corresponding Author, Email:kkuehn@aao.gov.au the given GRB. All of these data products will be of use to those who need to make decisions regarding the allocation of scarce resources for follow-up observations of these GRBs. For example, if a potential host has an extremely low (or extremely high) redshift, observers may decide that the GRB warrants further study; thus they would begin follow-up observations as soon as possible. Alternately, if a host galaxy has unusual colors (as described by the multi-band DES observations), that may be indicative of unusual metallicity or dust content, again prompting observers to allocate observational resources to follow up the detection of these transients.
By the conclusion of Year 2 in February 2015, DES had observed nearly all of its survey footprint, with multi-epoch imagery covering the vast majority of that area -see Figure 2 . Year 3 will see the completion of coverage of the entire footprint, with subsequent datataking increasing the number of observed epochs (and thus the effective co-add survey depth) at each position within the footprint. Given the area covered, and assuming randomly-distributed GRBs detected by Swift at a rate of ∼100 per year, we expect 10-20 GRBs annually to have DES pre-discovery images that are amenable to analysis and publication via the DESAlert algorithm. We encourage all interested observers to take advantage of these data products provided to the astronomical community.
The DESAlert Algorithm
The DESAlert algorithm is shown schematically in Fig physics Source Code Library (Allen et al. 2012) . It encapsulates all functions necessary to complete the following steps:
• Listen for VOEvent Notices • Select events confirmed to be GRBs by Swift • Parse temporal and position data from Notices • Query the DES database for objects and images in a pre-determined region surrounding the GRB • Extract relevant archival DES data for stars and galaxies • Derive data products from extracted data • Publish DESAlert data products as VOEvent Notices, as well as to the DESAlert webpage First, the algorithm opens a socket connection and receives (XML-formatted) messages from the VOEvent server as a series of packets, built up byte-by-byte until the full message is received. Error checking ensures that malformed (or improperly received) messages are deleted before the algorithm returns to listen mode. The XML is then parsed to determine the type of message (e.g., imalive, test, or observation). The first of these is necessary for the socket connection to be maintained at the client end, and it results in an identical reply from the client ("imalive") so that the socket connection is likewise maintained at the server end. All other types except observation are discarded. Observations, however, have relevant data for each GRB extracted, including GRB position (RA, Dec), burst time, and detecting instrument.
Based on the extracted GRB data, the python code then calls a custom-made jython-based command-line database interface to query the DES archival catalog of sources in order to find any stars or galaxies within a 0.25 degree box centered on the GRB position. These objects have previously been extracted from the processed (and coadded) DES Multi-Extension FITS images, and have had a great many parameters determined by the Data Management pipeline (Desai et al. 2012) running Source Extractor (Bertin & Arnouts 1996) , including magnitudes (and uncertainties) for every observed filter, as well as object classification (either star or galaxy). A second database query finds all g, r, and i images containing the GRB position, from which the nearby objects have been extracted. Once the algorithm ingests all objects in the large search area, it selects a smaller region centered on the GRB that is 60 arcseconds (plus 90% uncertainties in the GRB position) on a side, and finds all objects that have any portion within this region. This is especially important for extended objects like galaxies, since GRBs are properly associated with galaxy hosts even when their positions correspond to the outer fringes of the object. These data are then stored, via SQL Insert commands, in a local database connected to the machine running the DESAlert python code, and are made available to the public in several ways, as detailed in Section 3.
DESAlert Data Products
Once the algorithm has selected the relevant image segments and composed its catalog of nearby objects, it promulgates the information of potential relevance to those seeking to follow up the GRB detection with further observations. The primary data products produced by DESAlert are based on pre-discovery images of the regions around Swift-detected GRBs. The initial products are (XML-formatted) VOEvent Notices, listing:
PASA (2015) doi:10.1017/pas.2015.xxx
Finder images provided by DESAlert are processed and coadded DES images, each of which covers an area on the sky of approximately 0.75 degrees on a sidealthough depending on the position of the GRB and its associated uncertainty, several images may be provided to completely cover the nominal search area. These images are provided in g, r, and i filters, when available. Links to the original images for each filter are published in the VOEvent Notice, and also provided on the DESAlert webpage (http://aao.gov.au/DESalert).
In order to faciliate relative photometric measurements of GRBs (or, more likely, their afterglows), the VOEvent Notices provide magnitudes (and uncertainties) in each filter in a range of magnitudes (typically 16-23, depending on filter) for several of the nearest stars within 30 arcseconds of the GRB position. Faint stars are far more likely to be positioned closest to any given GRB (and thus included in the XML notice), but information for all stars in the full region is stored in a similar format in the ancillary data available on the DESAlert website.
Likely of greatest interest to those desiring to follow up GRB observations are the DES pre-discovery catalogs of potential GRB host galaxies. The VOEvent Notices provide positions, magnitudes (and uncertainties), and photometric redshift information (when available) for several of the nearest galaxies within 30 arcseconds of the GRB position. Information for all galaxies in this same region is stored in a similar format in the ancillary data available on the DESAlert website. For the subset of galaxies with no photometric redshift determination, we estimate the redshift "on the fly" with an empirical method based upon their relative gri magnitudes (Lopes 2007) . In the DESAlert database, we only report physically realistic (i.e., positive) calculated values in the DESAlert data products (failures of the estimator are assigned a value of "-9999"). Because of the limited applicability of this empirical method, we stress that these values are approximations that will be supplanted by more precise determinations from the DES Data Management pipeline as they become available.
Results of the DESAlert Algorithm
By the conclusion of Year 1 in February 2014, DES had observed of order 2500 square degrees across the southern sky. A variety of tests were performed with the DESAlert algorithm using both the Year 1 and Science Verification ("Year 0") data (Diehl et al. 2014) . First, we simulated VOEvent Notices with systematicallyvarying positions throughout the DES footprintthough of course the real-time nature of DESAlert was not exercised in this way, we nevertheless could determine in a statistical way the expected impact of DESAlert. Of the 45 simulated notices input to DESAlert, 23 were found to have archival DES data matching the locations, each of which had of order 500 objects (stars or galaxies) within 0.1 degrees of the nominal GRB position. This yield is consistent with statistical expectations from a survey region that is 50% covered; with the data from Year 1 and Year 2 now populating the DES database, the future yield for DESAlert should be significantly higher. Next, to test the real-time processing capabilities of DESAlert, a Swift VOEvent Notice of a newly-discovered GRB was received and processed, with the software taking approximately 1 minute to execute the full algorithm -parsing the Notice, querying the relevant DES databases, building the VOEvent Notice, and "submitting" it (albeit to an internal recipient rather than the public VOEvent network).
Additionally, we compared the photometric redshifts from DESAlert with a selection of spectroscopicallyconfirmed GRB host galaxies from The Optically Unbiased GRB Host (TOUGH) Survey (Hjorth et al. 2012; Jakobsson et al. 2012) , as well as GHostS, the GRB Host Studies (Savaglio et al. 2006) . Of the 48 TOUGH bursts selected, 7 had corresponding DES observations, while 29 of the 239 GHostS bursts had corresponding DES observations. Because of the presently sparse sampling of the DES-determined photometric redshifts, only a single burst from these datasets (GRB070110 at z≈2.35) had nearby objects with photometric redshifts already determined by the DES Data Management pipeline. Unfortunately, none of the 12 closest objects found in the DES catalogs match the redshift of the known host, though that is not surprising given that very few galaxies with photometric redshifts determined by DES are at a redshift higher than z∼1.3. We also applied the photometric redshift estimation method for objects observed by DES around other GRBs with spectroscopically-redshifted hosts, including two from the TOUGH dataset and five from the GHostS dataset -specifically GRBs 050406 (z≈2.44), 050822 (z≈1.43), 060614 (z≈0.125), 060719 (z≈1.53), 061007 (z≈1.26), 070318 (z≈0.84), and 070802 (z≈2.45). For GRB060614, three of the eleven closest objects classifed as galaxies had estimated redshifts that were reasonably close (within 20%) to the known value for the PASA (2015) doi:10.1017/pas.2015.xxx DESAlert 5 host. Of the closest objects to the other six bursts, none matched the known redshifts -though again, given the extreme distance to these GRBs (as well as the limitations of the estimator) this failure in host identification is not surprising. In the coming years of DES operation, as more galaxies are observed and more photometric redshifts are determined by the Data Management pipeline, many more accurate redshifts for potential host galaxies are expected.
Finally, we tested the DESAlert algorithm with a sub-sample of bursts detected by Swift during the Year 1 observations of DES. In Appendices A and B, we present an example of the data products related to a single burst (GRB131105A) that are provided to the community by DESAlert -specifically, the VOEvent XML Notice and Finder Image, respectively. Table 1 shows a subset of the relevant data for selected stars and galaxies near this GRB as well. Table entries include object position, grizY magnitude, spread model value, object separation from the nominal GRB positon (in arcseconds), object classification, photometric redshift, and object number (where the same number indicates additional observational epochs of the same object). The spread model quantity is a star/galaxy classifier with values less than 0.003 corresponding to stars (Desai et al. 2012) ; we calculate the mean of the spread model values for all filters, with each weighted by the inverse square of the uncertainty in the observations for that filter. This yields a value that relies most heavily upon the most accurate observation, but still incorporates all available data. As with other GRBs we tested, the photometric redshifts are calculated following the method described above in Section 3 -for those observations with physically realistic values (i.e., PhotoZ > 0), the values derived from repeated observations of the same object are broadly consistent (generally within ±10-20% of one another). All stars and galaxies in the region around the GRB are stored in a similar fashion in the ancillary data available on the DESAlert website.
Conclusions
DESAlert is an algorithm implemented in Python and SQL to receive automated notices of GRB parameters from VOEvent Notification triggers, and to provide the astronomical community with finder images as well as catalogs of nearby stars and galaxies (with relevant quantities such as positions, magnitudes, and photometric redshifts). The details of the algorithm have been laid out in the previous Sections, and a sample image and catalog shown to familiarise readers with the DESAlert data products. During the fiveyear lifetime of the DES, we expect to provide data for of order 100 Swift GRBs -though the DESAlert system is expected to function well beyond the formal lifetime of the Survey itself. Extensions to DESAlert (dubbed DESAlert++) are currently being explored based upon other GRB-detecting instruments such as Fermi (Atwood et al. 2009 ), or even other multimessenger detections (e.g., gravitational wave observations) stemming from the Astrophysical Multimessenger Observatory Network (Smith et al. 2013) . To estimate the annual rate of GRBs likely to be within the DES footprint, we searched the SkyAlert database for unique GRB positions from all sources from one year; of the 230 bursts in the database, 34 fall within the DES footprint and could potentially trigger DESAlert++.
We encourage all observers interested in follow-up observations of GRBs to avail themselves of the VOEvent Notices and web-based data archive provided by DESAlert.
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